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Introduction”.

in laying out appara~us for the laboratory testing of

superchargers for aircraft engines at the Langley ~Memori&!.

Aeronautical Laboratory, it was fcund most convenient to

ueasure the air on the inlet side by drawing the air from

the atmosphere through thin plate orifices at low veloci-

ties into a box and thence through a throttle into a large

reservoir which in turn was in free communication with the

supercharger. The orifice coefficients for this condition

were unknown, as the desired type of orifice had been cal-

brated with the flow frcm the box into the atrcosphere,in-

stead of the reverse direction which would obtain with this

apparatus. The present experiments were thezefore under– -

taken in order to obtain information regarding the rela-

tionship between the coefficients for flow in the two di-

rections.
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Metkod.

The apparatus used for these experiments is shown di-

agrammiatica].lyin Fig. 1. When the flow was from 4 to 1

(see Fig. 1), t-neblower maintained an air pressure of about

3“ Hg. in the large tank, whioh was throttled into the small-

er tank and led into the orifice box through a restricted

passage formed by a short length of 2/211pipe. The flow of

air thzough the box was thus freed from the pressure pulsa-

tions that existed at the blowr. Runs with the flow from

1 to 4 (see Fig. 1) were made by reversing the blomr, and

consequently the air direotion, by reversing the direotion

of rotation of the driving mo%or.

The method followed was to take a series of observa-

tions with the flow from 4 to 1, and then to take another

similar series with the direction of air flow reversed and

the orifice plates inverted in their places. With each size

orifice runs were made with the flow in both directions such

that the pressure drops over the reference orifice, and con-

sequently the ratios of pressures on the two sides of this

orifice were very nearly identical.

By inverting the orifiaes ‘Whenthe direction of flow

was reversed the effects of

nated, since the air always

inaccurate orifices were elimi-

flo~d through each orifice in

the sane relative direction. As the orifioes were very care-

fully made, this precaution was almost superfluous, but the

change was easily made and it removed all pOf36ible suspicion
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of error due to any Zrregulari.tiesin the orifices.

Considerable difficulty =S experienced in securing

steady air flow, and the apparatus was modified several times

before a satisfactory degree of steadiness ww obtained.

Readings were not taken for record unless the range of oscil-

lation of the rnenisousin the undamped manmeters was less

than 0.4 of l% of the head. The final data consisted of not

Iess than four sets cf readings, for each obtainable cabi- .

nation of the three orifice sizes with four pressure drops,

in addition to a n-iber

ing a total of over one

therefcirebelieved that

of runs made for check purposes, mak-

hundred sets of readings. It is

the field was satisfactorily covered

for tke range intended and that the data is truly representa–

tive.

As the ratios of pressuxe on the two sides of the ref-

erence orifice, and consequently the coefficients of dis-

charge, were very nearly tlzesa~e for flow in both direc-

tions, a direct means of comparison was obtained. When the

flow was from 4 to 1, the amount of air passeclcould be com-

~ted by ●sing W.own coefficients for the standard orifice.

From this, the coefficients for the reference orifice could

be determined. By using these reference coefficients when

the flow was rev~rsed, the coefficients for the standard or-

ifice could be obtained for the reversed flow, ELprocedure

which was correct because the ‘boxand baffles were .symaetri-

cal with respect to the reference orifice. However, as only



-4-

b the ratio between the coefficterts fcr the standard orifice

under the two conditions of flow was desired, the interzned-

iaie steps of determining the coefficients for the referents

orifice were eliminated. The standard orifices used In

this work were like those reported by R. J. D~ley in Vol.

27 of the Transactions, American Society of Mechanical Engi-

neers.

The following notatian is used throughout the ensuing

discussicm:

w = weight of air flowing in lbs. per sec.

C = orifice discharge coefficient.

d = orifice diameter in inches.

i = pressure drop across orifice in inches of w.ter.

T = absolute temperature in degrees Fahrenheit.

A= orifice area in sq.ft.

K= ratio of specific heats, (1.406).

Qh= pressure on high side of crifice in lbs. per sq.ft.

01 =pressure on low side of ,orificein lbs. per sq.ft.

P = pressure in lbs. per sq.ft.

B = barometric pressure.

D = density in lbs. per cu.ft.

SubscriFt s is used to refer to the standard orifice

zhile r is used for the referenoe ozifice. Prized letters

are used when the flow is from 1 to 4 fiile unprimed letters

are used for flow in tb.ereverse direction.

:or his orifice, Ourley developed the formula:

*
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For tbe reference orifice} use was made of the theoret-. ‘.,

formula:

-- —___ ____ __ —-- —__________ __
)

Then under condition of fiOw frOm ~ tO 1
—--- —

for the

for the

standard o;ifice, and

-.---_—- -___ —____— :____ —_____

L, 1
reference orifice.

(1)

When the flow is frGm 1 to 4

-- -- ——-—---- —-—-_---— -—-- ——————-—-_

/

[

~+ ~

~R 1 = cR”~AR I /2g * P3~ D31
(&ji 1(q‘)-T
(P3‘ ) - (P3~) (3)

% L

for the reference orifice, and

-----

/i 1
Ws1 = csl .6299 (dsl)2 / +

~) T~

for the standard orifice.

Then dividing equation (2) by equation (3)
-----——---—----—----————

WR
-—

%’
CF. .4R

CRl ARl ,/

J

also by dividicg equatior.(1) by equation (4)
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-------

and ~S ~R1 = :7~1~

practically equal

;i’R= l~~iAq = ARii d~ = d~l and _CR iS

toe 1.R

—-- —--- —. ---—-- ------- -—-----—-—- --—-—-

/

[5)

Since considerable

corres_pondingruns with

ences in air densities caused by differences in air tem-per-

L J

time occasionally elapsed betxeen

opposite directions of flow, differ-

atures ariapressures shu~ld be considered. Equation (5)

takes into account temperature differences but the factor

.c299 in Durley’s equation is dependent upon a constant pres-
T+

sure of 2117 pounds per square foot. Consequently ~ in

equation (5) is replaced by ~ in order
s

sure changes, giving for the final form of

1s

to allow for pres-

the ratio



Description of Apparatus.

Orifices of three different diameters, 1“, l/2n and

5/16” ;ade of alumirqm plate were used. The standard ori-

fices mre burnished tith plugs within .0C03° of size. No

plate of the standard Ilurleythickness (0.057”) being avail-

able, the orifices were made of 1/16[’plate, which was then

machined tQ the standard thickness fcr a distance of a’tmut

1/2” from the orifice edge. The reference orifices ware very

carefully bored in l/161taluminum plate. Their sizes uere
#

very close to those cifthe star.dard

curately dete.zminedas +he absolute

sequence.

The box WLLSmade of 7/811maple

were 4“ x 4’1,giving a ratio of box

the 1~1orifice of somewhat over the

orifices but were not ac–

sizes were of no con-

and the inside dimensions

area to orifice area fo~

20:1 recommended by Dur-

ley. Rubtiergaskets were placed adjacent to the orifices to

ensure air tight joir~tswheh the ‘OOXwas ~lled together by
1

the four bolts running its entire length.

Wire screens inserted as shown on the sketch, served to

diffuse the a~r stream discharged by the orifice and tended

to make the velocity uniform across the box before the next

orifice ws reached.

The pressure drcps were’measured by alcohol manometers

of a type which is sensitive to very slight pressure differ-

ences. A vertical screw carries a short inolined glass tube,

qne eqd of ~hich is connected by robber tubing to an alcohol
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raservoir. A zero reading is taken by observing the height
.

of the tube, as indicated by a micrmeter head on the screw,

Yher.t-hemenicus iu tlhelnibecoincides with a reference mark

thereon. The pressure drop is determined by the difference

between this reading and a reading similarly obtained after

the free end of the inclined tube and the top of the reser-

voir are connected by rubber tubes with the points betmen

tiich tiledrop is desired. By estimating to the tenth of a

division on the micrometer head at the top of the screw, read-

ings could be made to within .0005”. However, slight fluctu-

ations in pressure prevented &ch

taken during these experiments.

The manometer connections at

precision in the readings

the box consisted of brass

tubes inserted through the side of the

the inside surface. Temperatures were

mercury cliemica?.thermometers inserted

box and flush ‘with

obtained by bare bulb

through the sides of

the box =13. into the air body. The thermometers were grad– .

uated to 1° F.

Results.

Fig. 2 shows the results obtained. In plotting c ~x —.
q--

as a ftiction of the head across the orifice, the curves for

the 11’and the l/2~.orifices are definitely determined.

For the 5/16” orifice,however, the points determine a curve,

shown by the dotted lines, Which is not only inconsistent

with

ural

— —

both other curves but also not in accord with the nat-

expectation. Consequently a curve has been drawn which

— — ..-
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w511 best represent the points and yet be consistent with the

cumes fox t-ne1/2” and 1’7orifice. The limited number of
●

check-runs possible did not appreciably alter any of the

points shown for any of the curves and the reasons for the

apparent inconsistency of the

not knom.

Froa these curves Fig. 2

point~ for the 5/1611curve are

was obtained. This shows the
c~ 1coefficient ratio — as a function of the ratio box area
Ce orifice area

Errors.

The equation used assumes the equality of CRl and CR.

~ile this is riotabsolutely true, since the pressure ratio

with flow in one direction is not absolutely the same as with

flow in the opposite direction, the ratios were so nearly

alike that it is quite probable that the ratio of CRl to CR

of 1:1 as used does not differ from tlheactual ratio by more

than .034 of 1~.

The temperatures as obtained were used tG determine the

densities of the air inside the box, that is, ~L and D4

in the formula.f

The thermometer readings appeared to be somewhat incon-

sistent, a consideration of the conditions leading to no ab-

solutely satisfactory explanation. As the thermometers

were inserted in the air stream which had some, although very

little, velocity past the bulb, the readings obtained may

differ slightly from the true temperature of the air, such

.

●
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as would be given by a t’nermmeter moving at the sam= veloc–

ity as the air, due +0 the effects of impact and eddies. It

is hardly proba’ole,howevez, that this effect is very con-

siderahle, especially as t-herewas little opportur.iiy for

the jets to impinge direcily

The temperature changes

those of adiabatic expansicn

on the thermometers.

observed do not corres~~ondto

as determined by the relation

(p)% T = cmstar.t, being very materially smaller. It is

evident frou this formula that the exponent of the ratio

of pressure of .29 will result in temperature.ratios much

nearer unity than the corresponding pressure ratios. Because

of this fact and because the actual temperature changes are

less than those of adiabatic expansion the temperature ratios

will be very much nearer uznitythan the pressure rati0s.

Since the densities enter the final equation as a ratio of

the density of the air inside of the box to that outside,

the temperatures and press-.res‘whichdetermine the densities

enter as ratios and the effect of temperatures on the resuit

;Qillbe very considerably less than the corresponding pres-

sures.

The ternperature changes observed were quite small and

it is thought that any error that r,ightresult frcm their

use is very small indeed, tnough a numerical estimate is

clifficult to obtain. In any case, the difference between

temperatures correspending to adiabatic expansion and the temp-

eratures actually obtaineciwould give an error in the temp-

— —-— — ——— ---
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t?raturesWhich in the wo=st case wculd not exceed .’?of 1$. “

Computations @f complete runs where the difference between .

adiabatic temperatures and the observed temperatures are

grsatest, re~ult in a uaximum difference of .002 in the ratio
~sl

of”—
c~

by using first adiabat~c and then observed tempera- .

tures. As thk result is affected so little by using temp-

eratures pro’bablymuch greater in error than those observed

i% is thought that the error due to using the observed te.mp-

era~ure readings is very small indeed. However, in the ab-

sence of a real value of the error in tke temperatures, .7

of I* has been taken as the maxim~ possible error, al-

though it is highly probable that this is much larger than

actually existed.

The pressure readings were in all cases correct to with-

in less than .C2T1alcohol, resulting in a possible error of

less than 2.0~ with a l!;drop ovez the orifice. From consid-

erations of the limitations of tha =pparatus and of the rmthod,

the maximum possible error probably dms not exceed 3.2% with

the 5/16![orifice at the cne inoh head and 2.7~~with the ltr -

orifice at the six and one-half inch head.

Computations frcm the observations of the probable error

of the ratio Cslto ,Csresult ir..47% for the 1’1orifice at a

six and one-half inch head and .08$ for the 5/16’1orifice at .

a one inch head. It is thought that the ratios of the coef-

ficient.obtained are reliable to within less than l?.
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Cormlusi.cns.

The results indicate that the ratio af ths crifice S~C- .-

charse coefficient from standard orifice Cs~ to the.dis-

charge coefficient f~om reverse flow Cs is al~ys le=6 ~ha~

unity, but approaches unity with increasing ratlo of box

area to orifice area, and ib.ateven for a ratio of areas

low as twenty the ratics of the coefficient’sis not much

less than unity. It is probable, however, that when the

as

ratio of box &-ea to orifice area is much less than twenty .

the ratio of discharge coefficients wculd be greatly reduc-

ed, Since for ihe greater part of the range of these exper-

i~enis the discharge coefficient is not reduced by nore than

one per cent by the reversal of flow, and the probable reli-

abil.iiyof Durley1s experiments is of about the same order,

it appears that the reauciion of discharge caused by revers–

ing the direction of flow could be properly neglected in

all but the most accurate testing when the ratio of bo’xarea

to orifice area is greater than 20:1 and the pressure drops

across the orifice is limited to.51rk~ter. .
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